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(57) ABSTRACT

A engine control system for an automatic transmission
includes an engine torque control module that increases
engine torque from a first torque level to a second torque level
during a period before a shift from a first gear ratio to a second
gear ratio, wherein the first gear ratio 1s greater than the
second gear ratio, wherein the first torque level 1s based on
driver input and vehicle speed, and wherein the second torque
level 1s based on the first torque level and the first and second
gear rat10s. A transmission control module decreases a torque
capacity of a first clutch to a third torque level during the
period and increases a torque capacity of a second clutch to a
fourth torque level during the period, wherein the fourth
torque level 1s based on the second torque level and a torque
gain of the second clutch.

22 Claims, 6 Drawing Sheets
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SYSTEM AND METHOD FOR AUTOMATIC
TRANSMISSION SHIFT CONTROL

FIELD

The present disclosure relates to engine control systems

and more particularly to control systems for automatic trans-
missions.

BACKGROUND

The background description provided herein 1s for the pur-
pose of generally presenting the context of the disclosure.
Work of the presently named inventors, to the extent 1t 1s
described 1n this background section, as well as aspects of the
description that may not otherwise qualily as prior art at the
time of filing, are neither expressly nor impliedly admaitted as
prior art against the present disclosure.

Internal combustion engines draw air into an intake mani-
fold through an air intake and a throttle. The air 1s mixed with
tuel to create an air/fuel (A/F) mixture. The A/F mixture 1s
combusted within cylinders to drive pistons that apply a
torque to a crankshaft. For example, the torque applied to the
crankshaft from the pistons due to combustion may be
referred to as “engine torque.” The engine torque may cause
the crankshatt to rotate. The rotational speed of the crankshait
may be referred to as “engine speed,” and may be measured in
revolutions per minute, or RPM.

Engine torque 1s transierred from the crankshait to one or
more wheels of a vehicle via a transmission. For example, the
transmission may be a manual transmission (1.e. operated by
a driver) or an automatic transmission (1.e. operated by a
control module). The transmission may further include a plu-
rality of gears that translate the engine torque to wheel torque.
In other words, each of the plurality of gears may translate the
rotational speed of the engine crankshaft to a different rota-
tional speed of the vehicle wheels. More specifically, gear
ratios represent relationships between each of the plurality of
gears and the crankshaft, respectively. For example only, a
lowest gear (e.g. first gear) may include a gear ratio of 3.3:1
and a highest gear (e.g. fifth gear) may include a gear ratio of
0.7:1.

A shift operation between the plurality of gears of the
transmission may be one of an up-shiit (1.e. shifting to a
higher gear) or a down-shift (1.e. shifting to a lower gear). The
shift operation may further be defined as power-on (1.e. a shift
operation when an accelerator pedal 1s depressed) or power-
off (1.e. a shift-operation when an accelerator pedal 1s not
depressed). Power-on shift operations (up-shifts and down-
shifts) may require more precise control due to driver input
during the shiit operation (e.g. via an accelerator pedal).

SUMMARY

A engine control system for an automatic transmission
includes an engine torque control module and a transmission
control module. The engine torque control module 1ncreases
engine torque from a first torque level to a second torque level
during a period before a shift from a first gear ratio to a second
gear ratio, wherein the first gear ratio 1s greater than the
second gear ratio, wherein the first torque level 1s based on
driver input and vehicle speed, and wherein the second torque
level 1s based on the first torque level and the first and second
gear ratios. The transmission control module decreases a
torque capacity of a first clutch to a third torque level during
the period and increases a torque capacity of a second clutch
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to a fourth torque level during the period, wherein the fourth
torque level 1s based on the second torque level and a torque
gain of the second clutch.

A method for controlling an automatic transmission
includes increasing engine torque from a first torque level to
a second torque level during a period before a shift from a first
gear ratio to a second gear ratio, wherein the first gear ratio 1s
greater than the second gear ratio, wherein the first torque
level 1s based on driver input and vehicle speed, and wherein
the second torque level 1s based on the first torque level and
the first and second gear ratios, decreasing a torque capacity
of a first clutch to a third torque level during the period, and
increasing a torque capacity of a second clutch to a fourth
torque level during the period, wherein the fourth torque level
1s based on the second torque level and a torque gain of the
second clutch.

Further areas of applicability of the present disclosure will
become apparent {from the detailed description provided here-
inafter. It should be understood that the detailed description
and specific examples are intended for purposes of illustra-
tion only and are not intended to limit the scope of the dis-
closure.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will become more fully understood
from the detailed description and the accompanying draw-
ings, wherein:

FIG. 1 1s a iming diagram of engine speed and transmis-
s10n torque during a power-on up-shift according to the prior
art;

FIG. 2 1s a functional block diagram of an engine system
according to the present disclosure;

FIG. 3 1s a functional block diagram of a transmission
according to the present disclosure;

FIG. 4 1s a functional block diagram of a control module
according to the present disclosure;

FIG. 5 1s a timing diagram of engine speed and transmis-
sion torque during a power-on up-shift according to the
present disclosure; and

FIG. 6 1s a flow diagram of a method of controlling the
engine system according to the present disclosure.

DETAILED DESCRIPTION

The following description 1s merely exemplary 1n nature
and 1s 1n no way tended to limit the disclosure, 1ts applica-
tion, or uses. For purposes of clanty, the same reference
numbers will be used in the drawings to identily similar
clements. As used herein, the phrase at least one of A, B, and
C should be construed to mean a logical (A or B or C), using
a non-exclusive logical or. It should be understood that steps
within a method may be executed 1n different order without
altering the principles of the present disclosure.

As used herein, the term module refers to an Application
Specific Integrated Circuit (ASIC), an electronic circuit, a
processor (shared, dedicated, or group) and memory that
execute one or more software or firmware programs, a com-
binational logic circuit, and/or other suitable components that
provide the described functionality.

Referring now to FIG. 1, a timing diagram 1llustrates
engine speed (RPM) and various torque levels (1b-1t) during a
conventional power-on up-shift of an automatic transmaission.
During a first phase of the up-shiit, referred to as a “torque
phase,” torque capacity ol a first clutch (the “off-going
clutch™) corresponding to a current gear 1s decreased and
torque capacity of a second clutch (the “on-coming clutch™) 1s
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increased. In other words, during the “torque phase™ the oil-
going clutch 1s disengaging and the on-coming clutch 1is
engaging.

However, mput torque to the automatic transmission (1.¢.
from a crankshait or from a torque converter) 1s maintained at
a constant level during the “torque phase.” Therefore, output
torque from the automatic transmission (i.e. to a driveline or
wheels of a vehicle) decreases during the “torque phase” due
to friction as the on-coming clutch engages.

During a second phase of the up-shift, referred to as an
“inertial phase,” imnput torque and engine speed decrease after
the second clutch engages with a new higher gear. However,
the output torque remains at the decreased level both during
and after the “inertial phase.” This drop 1n torque across the
power-on up-shift (defined by area 10) may increase noise,
vibration, and/or harshness (NVH), and/or may decrease per-
formance.

Referring now to FIG. 2, an engine system 20 includes an
engine 22. The engine 22 includes a plurality of cylinders 24.
It may be appreciated that while 6 cylinders are shown, other
numbers of cylinders may also be used.

Air 1s drawn 1nto the engine 22 and into an intake manifold
26 through an air intake 28 that 1s regulated by a throttle 30.
The aitr 1s distributed to the cylinders 24 and combined with
tuel from a fuel tank (not shown). For example, the fuel may
be 1mnjected into the cylinders 24 by a plurality of fuel injectors
32.

The air-and-fuel (A/F) mixture in the plurality of cylinders
24 1s compressed by pistons (not shown) and may be com-
busted by a plurality of spark plugs 34, respectively. The
combustion of the A/F mixture drives the pistons (not shown),
which rotatably turn a crankshait 36 to generate engine
torque. A crankshait sensor 38 may measure a rotational
speed (RPM) of the crankshait 36, hereinafter referred to as
engine speed. Alternatively, the crankshait sensor 38 may
measure a torque of the engine crankshait 36, heremafter
referred to as engine torque. Exhaust gases may be expelled
from the cylinders 24 through an exhaust mamifold 40 and an
exhaust system 42.

The crankshait 36 drives a transmission 46 through a
torque converter 44. The transmission 46 may transier the
engine torque to a vehicle driveline 48 (e.g., vehicle wheels)
through one of a plurality of gear ratios. More specifically, the
transmission 46 may shift between the gear ratios based on a
shift schedule that corresponds to operating conditions such
as engine speed and vehicle speed.

The transmission 46 typically includes a plurality of
clutches that are selectively engaged/disengaged to establish
a desired gear ratio. Thus, when shifting between gear ratios,
clutch-to-clutch shifts occur. More specifically, at least one
clutch 1s disengaged (an off-going clutch) while at least one
clutch 1s concurrently engaged (an on-coming clutch). For
example, control of the clutch-to-clutch shift may be based on
engine torque.

A control module 50 regulates operation of the engine
system 20. For example, the control module 50 may control
the throttle 30 and the fuel injectors 32 to control the A/F ratio
in the engine 22. Additionally, for example, the control mod-
ule 50 may control the spark plugs 34 to control the 1gnition
timing of the engine 22. Therefore, for example, the control
module 50 may regulate engine torque and engine speed by
controlling air, fuel, and/or spark.

More specifically, the control module 50 may control
engine torque (1.e. mnput torque to the transmission 46) during
up-shiit operations. In one embodiment, the control module
50 may 1ncrease engine torque during an up-shift operation.
The increase 1n input toque to the transmission 46 may main-
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tain drive torque (1.e. output torque) from the transmission 46
at a constant level across the up-shift operation. Thus, NVH
may decrease and/or performance may increase.

Referring now to FIG. 3, the transmission 46 1s shown 1n
more detail. In one embodiment, the transmission 46 may be
a s1x-speed automatic transmission as shown in FIG. 3. How-
ever, 1t can be appreciated that various other transmissions
may also be implemented, such as different types of trans-
missions and transmaissions that include different numbers of
gears. For example only, the transmission may be a dual
clutch transmission.

The transmission 46 includes an input shatt 60, an output
shaft 62 and three inter-connected planetary gear sets 64 A,
64B and 64C, respectively. The planetary gear sets 64A, 64B,
and 64C include respective sun gears 66A, 668, and 66C,
carriers 68A, 68B, and 68C, planetary gears 70A, 708, and

70C and ring gears 72A, 72B, and 72C. The transmission 46

turther includes clutches C1-C5 that are selectively engaged
to establish a desired gear ratio of the transmission 46.

More specifically, the input shaft 60 continuously drives
the sun gear 66 A of the gear set 64 A, selectively drives the sun
gears 668, 66C of the gear sets 64B, 64C via the clutch C1 and
selectively drives the carrier 68B of the gear set 64B via the
clutch C2. The ring gears 72A, 72B, and 72C of the gear sets
64A, 648, and 64C are selectively grounded via the clutches
C3, C4 and C35, respectively. Hydraulic pressure (P,,;,) 1s
selectively provided to the various clutches to regulate
engagement of the clutches. A pressure switch 80 1s associ-
ated with the pressure line to each clutch and switches
between ON and OFF states. More specifically, when Py, 15
below a threshold pressure (P,.,), the switch 1s in the OFF
state. When P, 1s greater than P ., the switch state 1s ON.

As diagrammed 1n Table 1 below, the state of the clutches
C1-C5 (1.e., engaged or disengaged) may be controlled to
provide six forward speed ratios (1, 2, 3, 4, 5, 6), a reverse
speed ratio (R), or a neutral condition (N).

TABLE 1

C1 C2 C3 C4 C5
15 X X
ond X X
374 X X
4% X X
5% X X
6" X X
R X X
N X

For example, the second forward speed ratio (i.e. 2" gear)
1s established when clutches C1 and C4 are engaged. Shifting
from one speed forward speed ratio to another may generally
be achieved by disengaging one clutch (1.e., the off-going
clutch) while engaging another clutch (i.e., the on-coming
clutch). For example, the transmission 46 may be down-
shifted from second gear to first gear by disengaging clutch
C4 while engaging clutch C5.

Retferring now to FIG. 4, a timing diagram illustrates
engine speed (RPM) and various torque levels (1b-1t) during a
power-on up-shift of the transmission 46. As shown, engine
RPM increases at a faster rate during the “torque phase” than
prior the torque phase. In other words, mput torque to the
transmission 46 (1.e. from the crankshait 36 or the torque
converter 44) steadily increases during the “torque phase,” as
shown by area 90. For example, mput torque (1, ) may
increase from an 1nmitial torque level (T, . ... .)to afinal input
torque level (T,, _,.,) during the “torque phase.”
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Input torque (T, ) may decrease to the mitial input torque
level (T,, .,...;) during the “inertial phase” due to triction
when torque to the high clutch (1.e. the on-coming clutch)
increasesto 1, ,,,and thus engages, However, atter the high
clutch engages, input torque (1, ) may then return to the final
input torque level (1, _,.2).

Therefore, output torque of the transmission 46 may be
maintained at a constant level before, during, and after (1.e.
across) the power-on up-shift operation, as i1llustrated by area
92. For example, the constant output torque before, during,
and after the power-on up-shift may decrease NVH and/or
may improve performance.

Referring now to FIG. 5, the control module 50 1s shown in
more detail. The control module 50 may include a power
demand generation module 100, a torque command genera-
tion module 102, a gear selection module 104 a transmission
control module 106, and an engine torque control module
108.

The power demand generation module 100 receives driver
input. For example, the driver input may be a position of an
accelerator pedal. The power demand generation module 100
also recerves a vehicle speed. For example, the vehicle speed
may be based on a rotational speed of the vehicle wheels 48
(1.e. from an anti-lock braking system, or ABS sensor) or a
rotational speed of an output shatt of the transmission 46. The
power demand generation module 100 generates an engine
power demand based on the driver input and the vehicle
speed.

The torque command generation module 102 receives the
engine power demand. The torque command generation mod-
ule 102 generates an engine torque command based on the
engine power demand. More specifically, the engine torque
command corresponds to engine torque required to meet the
engine power demand. The engine torque command may
correspond to the mitial mput torque level (T ), as
described above.

The gear selection module 104 also recerves the engine
power demand and the vehicle speed. The gear selection
module 104 determines a desired gear of the transmission 46
based on the engine power demand and the vehicle speed. In
one embodiment, for example, the desired gear may corre-
spond to a predetermined shiit schedule.

The transmission control module 106 receives the desired
gear of the transmission 46. The transmission control module
106 generates an on-coming clutch torque capacity command
and an off-going clutch torque capacity command. For
example, a torque capacity command to a clutch may repre-
sent a desired clutch torque capacity by controlling force (i.e.
pressure) applied to a clutch via a hydraulic piston. Thus, the
off-going clutch command may decrease force (i.e. pressure)
applied to the ofl-going clutch to a first torque level. For
example, the first torque level may be zero. Additionally, the

on-coming clutch command may increase force applied to the
on-coming clutch to a second torque level, referred to as a
final high clutch torque level (1), ,.,). More specifically, the
final high clutch torque level (1, . _ .) may be modeled as
follows: E

irt  iriitial

¥y Kpe

The end = Tin initial
Fr

where r, 1s a gear ratio of the low gear (1.e. the current gear),
r, 1s a gear ratio of the high gear (1.e. the new gear), and
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K, .1s a torque gain of the high clutch, which may be defined
as a ratio of the high clutch torque capacity to the input torque
(Lne/ 1.

The transmission control module 106 may also generate an
engine torque command during a shift operation of the trans-
mission 46. For example, the engine torque command may
correspond to an additional (1.e. ramped-up) mput torque
level (T, ., that 1s higher than the initial torque level
(T, . ... More specifically, the additional engine torque
level (1,, .zs) may be modeled as follows:

Fi — Fp

Tin add — Thﬂ )
N v Kpe

where T, . 1s the high (1.e. on-coming) clutch torque capacity
command.

The engine torque control module 108 recerves the 1nitial
engine torque command (1, ,,..,,;) Irom the engine torque
command generation module 102 and the additional engine
torque command (1,, ,, ;) from the transmission control
module 106. The engine torque control module 108 controls
engine torque (1.€. torque mput to the transmission 46) based
on the received engine torque commands. More specifically,
the engine torque control module 108 controls engine torque

(T, ) as follows:

Fit — Fh
Tin = Loy imitiat + Tin add = Tin = Tin inirirat + The i
Fi* Npe

Thus, a final input torque level (T,, .,,,) (1.e. the maximum
input torque during the “torque phase™) may be modeled as
follows:

Fi
ﬂn_fnd — Tin_inirimf I
Fh

Referring now to FI1G. 6, a method of operating the engine
system 10 begins 1n step 120. In step 122, the control module
50 determines an engine power demand based on driver input
and vehicle speed. In step 124, the control module 50 gener-
ates an engine torque command (1, ,...;) based on the
engine power demand. In step 126, the control module 50
determines a desired gear of the transmission 46 based on the
engine power demand.

In step 128, the control module 50 determines whether a
power-on up-shift operation 1s going to occur. For example,
the power-on up-shift operation may be according to a pre-
determined shift schedule. Alternatively, the power-on up-
shift operation may be commanded when the control module
50 determines a higher gear 1s desired. If true, control may
proceed to step 120. If false, control may proceed to step 126
and control may end.

In step 120, the control module S0 generates an off-going,
clutch torque capacity command (T,. _,,,) (e.g. ramp down to
zero), an on-coming clutch torque capacity command
(1. .nq)s and an additional engine torque command
(1,, .uz)- The additional engine torque command (1, _..)
corresponds to an engine torque level required to maintain
constant output torque during the power-on up-shiit opera-
tion.

In step 122, the control module 50 increases engine torque
from the mitial input torque level (1,, . ... ;) to the final input
torque level (T,, ., during the “torque phase” (e.g.,
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L, cnd Lo inisiaietin aaq)-AlS0 1 step 122 the control mod-
ule increases the high clutch torque capacity from a first level
(e.g. zero) to the final high clutch torque capacity (1. _,..). In
step 124, the control module 50 completes the shift from the
current (low) gear to the new (high) gear (1.e. the “intertial
phase”). Control may then end 1n step 126.

Those skilled in the art can now appreciate from the fore-
going description that the broad teachings of the disclosure
can be implemented 1n a variety of forms. Therefore, while
this disclosure includes particular examples, the true scope of
the disclosure should not be so limited since other modifica-
tions will become apparent to the skilled practitioner upon a
study of the drawings, the specification, and the following

claims.

What 1s claimed 1s:

1. A engine control system for an automatic transmission,
comprising;

an engine torque control module that increases engine

torque from a first torque level to a second torque level
during a period before a shift from a first gear ratio to a
second gear ratio, wherein the first gear ratio 1s greater
than the second gear ratio, wherein the first torque level
1s based on driver input and vehicle speed, and wherein
the second torque level 1s based on the first torque level
and the first and second gear ratios; and

a transmission control module that decreases a torque

capacity of a first clutch to a third torque level during the
period and that increases a torque capacity of a second
clutch to a fourth torque level during the period, wherein
the fourth torque level 1s based on the second torque
level and a torque gain of the second clutch.

2. The engine control system of claim 1, wherein the engine
torque control module increases engine torque during the
period based on a sum of the first torque level and an addi-
tional torque amount.

3. The engine control system of claim 2, wherein the addi-
tional torque amount i1s based on a product of the torque
capacity of the second clutch and a difference between the
first and second gear ratios, divided by a product of the first
gear ratio and the torque gain of the second clutch.

4. The engine control system of claim 3, wherein the torque
gain of the second clutch i1s based on a ratio of the torque
capacity of the second clutch and the engine torque.

5. The engine control system of claim 3, wherein the fourth
torque level 1s based on a product of the first torque level, the
first gear ratio, and the torque gain of the second clutch,

divided by the second gear ratio.

6. The engine control system of claim 1, wherein the sec-
ond torque level 1s based on a product of the first torque level
and the first gear ratio, divided by the second gear ratio.

7. The engine control system of claim 1, wherein the third
torque level 1s zero.

8. The engine control system of claim 1, wherein the torque
capacity of the first clutch reaches the third torque level
betfore the torque capacity of the second clutch reaches the
tourth torque level.
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9. The engine control system of claim 1, wherein the engine
torque control module controls engine torque by controlling
at least one of a throttle, a plurality of fuel injectors, and a
plurality of spark plugs.
10. The engine control system of claim 1, wherein output
torque of the automatic transmission 1s maintained at a con-
stant level before, during, and after the shift operation.
11. The engine control system of claim 1, wherein the
driver input corresponds to a position of an accelerator pedal,
and wherein the position of the accelerator pedal 1s at least
partially depressed during the shift operation.
12. A method for controlling an automatic transmission,
comprising:
increasing engine torque irom a first torque level to a sec-
ond torque level during a period before a shift from a first
gear ratio to a second gear ratio, wherein the first gear
ratio 1s greater than the second gear ratio, wherein the
first torque level 1s based on driver input and vehicle
speed, and wherein the second torque level 1s based on
the first torque level and the first and second gear ratios;

decreasing a torque capacity of a first clutch to a third
torque level during the period; and

increasing a torque capacity of a second clutch to a fourth

torque level during the period, wherein the fourth torque
level 1s based on the second torque level and a torque
gain ol the second clutch.

13. The method of claim 12, further comprising:

increasing engine torque during the period based on a sum

of the first torque level and an additional torque amount.

14. The method of claim 13, wherein the additional torque
amount 1s based on a product of the torque capacity of the
second clutch and a difference between the first and second
gear ratios, divided by a product of the first gear ratio and the
torque gain of the second clutch.

15. The method of claim 14, wherein the torque gain of the
second clutch 1s based on a ratio of the torque capacity of the
second clutch and the engine torque.

16. The method of claim 14, wherein the fourth torque level
1s based on a product of the first torque level, the first gear
ratio, and the torque gain of the second clutch, divided by the
second gear ratio.

17. The method of claim 12, wherein the second torque
level 1s based on a product of the first torque level and the first
gear ratio, divided by the second gear ratio.

18. The method of claim 12, wherein the third torque level
1S ZEro.

19. The method of claim 12, wherein the torque capacity of
the first clutch reaches the third torque level betfore the torque
capacity of the second clutch reaches the fourth torque level.

20. The method of claim 12, further comprising:

controlling engine torque by controlling at least one of a

throttle, a plurality of fuel 1injectors, and a plurality of
spark plugs.

21. The method of claim 12, further comprising:

maintaining output torque of the automatic transmission at

a constant level before, during, and after the shift opera-
tion.

22. The method of claim 12, wherein the driver input cor-
responds to aposition of an accelerator pedal, and wherein the
position of the accelerator pedal 1s at least partially depressed
during the shift operation.
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